Fuzzy decision-making consists in making decisions under complex and uncertain environments where the information can be assessed with fuzzy sets and systems. The aim of this study is to review the main contributions in this field by using a bibliometric approach. For doing so, the article uses a wide range of bibliometric indicators including the citations and the h-index. Moreover, it also uses the VOS viewer software in order to map the main trends in this area. The work considers the leading journals, articles, authors and institutions. The results indicate that the USA was the traditional leader in this field with the most significant researcher. However, during the last years, this field is receiving more attention by Asian authors that are starting to lead the field. This discipline has a strong potential and the expectations for the future is that it will continue to grow.
Introduction
The research conducted on issues related to Fuzzy-Logic has its origin in the work of Zadeh [1] . This line of research analysed the concept of fuzzy sets starting from the use of classical Boolean sets to a multi-valued logic. Initially, this new theory received a great deal of criticism generating scepticism in the scientific community. However, this theory was able to establish itself as a research field, being studied by thousands of scientists around the world in both theoretical and practical aspects [2] .
Within the multiple theoretical and practical developments, fuzzy logic stands out as a field of study of decision-making. The studies on fuzzy decision-making stemmed from studies of the concepts of fuzzy sets [1] , fuzzy environments [3] , approximate reasoning [4] [5] [6] and applications of fuzzy sets in decision systems [7] being developed a large number of research around the world.
Its main argument states that many of the decisions in the real world take place in an environment, in which the consequences of possible actions are not accurately known. Decision-making is a multistage process that is influenced by human subjectivity. Therefore, a fuzzy decision can be seen as an intersection of objectives and constraints given within a multistage process, where human intelligence has the ability to manipulate fuzzy concepts and fuzzy answer instructions [3] .
It is widely accepted among academics and practitioners to use probabilistic methods for the analysis of decision-making. However, the traditional quantitative methods do not measure the uncertainty in human behaviour in a decision-making process [4] . As a result from this reasoning, fuzzy methods are became an effective tool to model this inaccuracy. The vagueness stems from mental phenomena, in which reasoning is approximate, i.e., the mode of reasoning is not accurate nor very inaccurate [4] . According to Chan and Hwang [8] , a rational decision-making process should take into account human subjectivity rather than using subjective measures of probability. Based on this premise, a more realistic framework of human reasoning has been developed, in which possibility is different than probability, i.e., high precision is incompatible with high complexity [4] .
Based on the latter, decision-making has moved from the concept of probability to the concept of possibility, highlighting important differences between them. This new concept has created a theoretical framework for analysing information in a possibilistic and analog manner, in which the most important aspect is the meaning of the information that is measured [9] . This attitude towards information analysis analogously and the uncertainty of human behaviour is what has led to the study of a new field of decision analysis -fuzzy decision-making [8] .
Research on decision-making is focused on dealing with problems of multiple criteria decision-making (MCDM), which takes into account the subjectivity of the decision-maker to select, prioritize, and organize different actions and observe the feasibility of an alternative option according to available resources. Thus, fuzzy theory is incorporated into the MCDM for the treatment of problems in situations within subjective uncertainty, since the objectives and constraints can involve linguistic variables and fuzzy variables [10] . Hwang and Yoon [11] suggest that the problems of multiple criteria decisionmaking can be classified into multiple attributes decision-making (MADM) and multiple objective decision-making (MODM). MADM is associated with problems whose numbers of alternatives have been predetermined; the decision-maker thus selects, prioritizes and ranks a finite number of actions to be undertaken. MODM is not associated with problems in which the alternatives have been predetermined. The main interest of the decision maker is to design the "most" feasible alternative in relation to the limited resources [8] . According to Carlsson and Fullér [12] these methods are grouped into three categories: The first category contains several paths to find a ranking: Degree of optimalizad, Hamming distance, comparison function, fuzzy media and fuzzy scattering, to the ideal ratio, scores of left and right, index centroid, area measurement and methods linguistic classification. The second category contains methods that assess the relative importance of multiple attributes: simple additive weighting fuzzy methods, analytic hierarchy process, sets/disjunct, fuzzy outranking method and max-min fuzzy methods. The third category is the fuzzy mathematical programming: flexible scheduling, programming probabilistic, possibilistic linear programming using fuzzy max, robust programming, possibilistic programming with preferences fuzzy relations, fuzzy possibilistic programming objects.
Xu [13] has proposed uncertain multiple attribute decisions-making (UMADM) in order to rank and prioritize the information based on weight. UMADM used aggregation operators such as WA operator [14] , OWA operator [15] and HWA [16] , which are extended to other methods. UMADM treats known or partially known information considering their attribute preference weight, intervals and linguistic value. These new methods are then applied to current business issues such as supply-chain management, investment decision-making, personnel appraisal, product redesign and service maintenance. Currently, the research field of fuzzy decision-making has branched in new areas such as computer science, engineering, science operations management, mathematics, economic affairs and automatic control systems, bringing together a large number of researchers from around the world studying theoretical and practical aspects. Therefore, it becomes interesting to analyse from a quantitative point-ofview, as this field has been developing since its inception.
Bibliometrics is a science that is based on quantitive analysis of articles published in a specific area. Bibliometric analysis allows us to evaluate either the impact or influence, in quality or performance, of scientific publications through the use of a bibliometric indicators [17] . These indicators allow us to analyse publications, citations and information sources which include articles, journals, authors, institutions and countries within a specific line of investigation However, this type of study has many limitations, including co-authorship and self-appointment. According to Merigó et al. [2] , depending on the particular research style followed by each author, these can have a different volumes of articles with co-authorship and self-citations. Therefore, we use mapping science in order to analyse the structure of this field of research [18] . Thus, VOS viewer (visualization of similarities) is used for the structural analysis of citations. This software allows us to display information related to co-authorship, bibliographic coupling and co-citations in bibliometric map. It is noteworthy, that at present, bibliometric studies are much easier to conduct due to the strong development of computers and Internet access.
In current literature, there is a bibliometric study that offers a general overview of fuzzy research [2] . Some authors have made compilations of methods and applications for fuzzy decision-making [8, [10] [11] [12] [13] [19] [20] [21] [22] [23] [24] . Other authors have developed bibliometric studies in the field of computational intelligence that highlights fuzzy systems [25, 26] , the evolution of the applications made in fuzzy sets theory [27] , the development of Atanassov intuitionistic fuzzy set [28] , review on aggregation operator research [29] , visualization and quantitative research on intuitionistic fuzzy studies [30] and the development and viewing of research of fuzzy sets in Spain [31] . However, there is not evidence that indicates that a specific item provides a basic overview of research in the field of fuzzy decision-making.
The main aim is to present an overall view of the research in the field of fuzzy decision-making, from the work presented by Bellman and Zadeh in 1970 [3] , making use of bibliometric techniques. The main idea is to show the development of this field of research within the research field of fuzzy logic according to the information obtained from the Web of Science (WoS). The study focuses mainly on the analysis of the evolution and development of this field of research considering articles, journals, authors and institutions. In this sense, we can highlight the work of Herrera-Viedma, Xu, Herrera, Kahraman, Chiclana, Tzeng, Huang and Yager as influential authors in this field of research. Likewise, it is also worth mentioning the importance of Fuzzy Set and Systems, Expert Systems with Applications, European Journal of Operation Research and Information Sciences as the main journals of research in fuzzy decision-making. Finally, the University of Granada stands as the most influential institution and the Islamic Azad University as the most productive. However, it is important to note that the WoS database has some limitations, since important research in this field can be omitted; however, the use of this database is recognized in the scientific community as the most important and stores the best scientific papers.
This article is organized as follows: Section 2 describes the methodology used. In Section 3, the 30 most influential journals in this field are presented. In Section 4, the most cited papers are presented. In Section 5 the most influential authors are presented. In Section 6, the universities that perform research in this field are analysed. In Section 7, the main conclusions from the article are exposed.
Methodology
For the development of this study, we have taken into account the information from the WoS database, which belongs to Thompson Reuters. This database also includes many other databases. In this study we consider the core science WoS collection. This database includes research of almost all sciences and contains information on more than 15,000 journals and 50,000,000 articles classified in about 251 categories and 151 areas of research [2] . To carry out the research process, we have used the keywords fuzzy and decision-making in the topic section. Thus, all items that are associated with research in decision-making in relation to fuzzy-research are generated. One of the limitations of using these words is that researches that is not directly related to fuzzyresearch, but is related to decision-making appear. However, when analysing the information obtained in this field, it is easy to omit items as the fuzzy boundaries between research and related areas are not clear [2] . Thus, among the most relevant articles using the fuzzy words and decision-making and are not related to fuzzy investigations they are omitted to avoid imbalances.
In September 2015, there were 14,525 published pieces of work in WoS related to fuzzy decisionmaking. These matches include different types of research, such as journal articles, proceedings, book reviews, reviews, notes, comments, corrections and editorial material. For this study, we have included articles, reviews, letters and notes. After this filter, we reached a total of 9,173 selected work. Similarly, we have applied two filters which exclude papers published in 2015 and 2016, and have also omitted sub-areas, such as, multidisciplinary psychology, psychology, biology, forestry, applied psychology, political science, health. In the first filter, this timeperiod is not considered, since these periods are ongoing publications and our interest is to present the entries submitted during the last period updated by the WoS. Following this first filter, the number of entries remaining was 8,398. In the second filter, these areas are filtered for entries that, although matched keywords, are unrelated to the field of research. In this filter, 263 items were excluded. Finally, the sample used in this study was 8,135 published papers, which include articles, reviews, letters and notes. These papers are comprised between the years 1970 and 2014. This period has seen a large increase in publications, which implies that it is a field of research that is of great interest among researchers and universities involved in fuzzy research ( Fig. 1 ). This is evidenced in that the total of fuzzy research made during the same period, 11.7% have been made in fuzzy decision-making. This increase is in line with the development of fuzzy researches exposed by [2] .
The ratio of this field of research (the number of publications per year in fuzzy decision-making in a year X in the WoS and total fuzzy research publications in a year X in the WoS) has been varying. During the first 24 years, for every 20 articles (articles, reviews, letters and notes) published on fuzzy research, one of them was focused on subject of fuzzy decision-making, i.e., 5% of the publications have been focused on this issue. In the past 21 remaining years, for each 10 articles (articles, reviews, letters and notes) published on fuzzy research, some of them dealt with the subject of fuzzy decision-making, i.e., 10% of the publications have focused on this topic. Another important aspect is that since breaking the barrier of a thousand fuzzy research publications per year in 1994, the percentage accumulated in fuzzyresearch publications has increased 213%, where we can highlight the fuzzy decision-making line of investigation with an increase of 373%. Recently, in 2014, articles published in fuzzy decision-making have exceeded the 1000-publication barrier. These results emphasize the importance of this field of research within the fuzzy research.
One way to emphasize the importance of published articles is by the number of citations that published papers have in their field. Within the research in fuzzy decision-making, the most cited paper Chen [32] has 765 citations compared to the work of Zadeh [1] with more than 15,000 citations. Note that this work is the most cited in fuzzy research and lies within the 50 most cited articles of all time and all categories of the WoS [2] . Table 1 presents the general citation structure in fuzzy decision-making according to the data available in WoS. To evaluate the ratio of citations, limits have been established according to the number of items with higher citations to this limit. This classification shows that only 3 articles have received more than 500 citations, 5.25% of the items are equal to or more than 50 citations and 9.98% are between 25 and 49 citations. Within this analysis, it is also interesting to analyse the h-index [33] . This index is used to represent the importance of a group of articles. For example, an h-index of 20 means there are 20 elements having 20 or more appointments. For the whole of articles in this field, the h-index is 129. Likewise, from the proposal of this index, several authors have studied its main characteristics, advantages and disadvantages proposing new indexes based on this [34] . The h-index can be applied to both articles, journals, authors, countries and universities. This allows us to make a holistic analysis of a certain field of research, taking into account several different items. The analysis of each item shows the group of articles, journals, authors, countries and universities of more important in this field of research. Furthermore, in the case of journals, it also has taken into account the impact factor, which indicates their influence on the dissemination of the research topic.
On the other hand, science mapping is employed in order to build bibliometrical maps. This science can be described as a specific science, where scientific domains or fields of research are structured conceptually, intellectually and socially [18] . Thus, the VOS viewer software is used in order to analyse the structure of citations by authors, journals and universities. This software allows us to display information related to co-authorship, bibliographic coupling and co-citations in bibliometric map. This software has been implemented in more than 100 works of bibliometric analysis in both the social sciences and the sciences [35] . Of the aforementioned works, we can mention the one of Ekc and Waltman [25] , which makes bibliometric mapping a field of computational intelligence where one of their areas of investigation are fuzzy systems.
The 30 most influential journals in the field of fuzzy decision-making research
Fuzzy research works are published in a large number of journals. Some of these journals are very specific on the issue but others are more interdisciplinary. Below, in Table 2 , the classifications of the 30 most influential journals are shown together with published works related to fuzzy decision-making.
Journals are ordered considering the number of articles published in the field of research and the hindex of each journal, which will be called H-FDM. In addition, it is noted that the journal Expert Systems with Applications (ESA) is the one with the most amount of papers published in this field research with 607 articles and most influential journal is Fuzzy Sets and Systems (FSS) with an H-FDM of 69. It also shows that the percentage of articles published in fuzzy decision-making in relation to the total of its total publications is 4.28% for FFS and 4.75% for ESA. In addition, FSS has more articles with over 50 citations including 2 with more than 500 citations, 15 with more than 200 citations, 20 with more than 10 citations and 67 with more than 50 citations.
Other key journals in this field of research include Information Sciences (IS), Journal of Intelligent & Fuzzy Systems (JIFS), European Journal of Operation Research (EJOR) and Applied Soft Computing. Among these journals, we can highlight JIFS, which has an H-FDM of 13 (which is very low compared to other journals in the Top 10) and with a percentage of articles published in fuzzy decision-making in relation to their total publications is of 13.49%, one of the highest in the Top-30 journals behind the FODM. However, this does not have an item that is influential, which is due to the fact that it is a new journal in relation to the others in the top-10.
A journal with great influence in this field is EJOR, which has an H-FDM of 51. However, the number of publications is lower, which is reflected in its 0,97% of publication share in this field, the lowest in the Top-10 journals. Its influence is reflected in having 8 items with more than 200 citations, 16 articles with more than 100 citations and 28 items with more than 50 citations landing it in second place with the highest amount of articles with over 50 citations behind FSS. Another journal with great influence is IS with an H-FDM of 49. It is noted that the percentage of articles published in fuzzy decision-making in relation to the total of its total publications is 2.97%, which is low compared to JIFS and other Top-30 journals. However, their influence is reflected by having 5 items with more than 200 citations, 11 items with more than 100 citations and 31 items with more than 50 citations locating it in third place with more premium items at 50 citations behind FSS and EJOR. However, it is one of the journals with the highest impact factor behind IEEETFS and OMEGA. Another important aspect to consider is the total number of citations in fuzzy decision-making (TCFDM) and articles that are cited in fuzzy decision-making (ACFDM). The FSS journal is notable for having a greater number of citations TCFDM with 18587 followed by ESA with 12619 citations. In a second group, we have an EJOR with 8804 citations, IS with 8070 citations and IEEETFS with 4448 citations.
The other journals have citations under 3,000. In this analysis, differences are obvious between the first and the second group, and even inside the first group. This is because the journal FSS is the first international journal created exclusively for fuzzy theories, which granted them the privilege of publishing the first studies that have become the foundations for this field. These differences are also evident in ACFDM. On the one hand, works on fuzzy decisionmaking published in FSS have been cited 11,328 is a more balanced where we find 6 journals (FSS, EJOR, IJPE, IEEETSMCCPB, IEEETSMSHPA and OMEGA) with an average above 40.
In order to analyse how journals are structured in this field of research, we analysed citations and how they are connected to each other. The first analysis is focused on the bibliographic coupling (Bibcoup) with a threshold of at least 20 citations per article (see Fig. 2 ). Also, co-citations from FDM journals (see Fig. 3 ). In this case, we check 100 connections and a threshold of 500 citations.
In Fig. 2 , the existing connection by bibcoup is observed. Bibcoup occurs when two papers refer to a third joint-paper in their bibliographies. It is an indication that there is a likelihood that the two investigations focus on a related matter. This map shows three groups of journals that are relevant in this field of research. In the first group, they highlight the ESA and EJOR journals, in the second FSS and IS and the third JIFS and ASC. Likewise, a group of more remote journals network is shown and are related to research on issues of environment and resource management. Thus, this map shows the connection between each of the journals and what there is influence of their investigation in this field of research. Figure 3 shows in further detail the influence of the research. In this case, connections by co-citation can be observed. The co-citation shows us the possibility that a document B and C cited by a document A treat the same topic. For this study, we observe that the documents published in journals FSS, IS, EJOR and ESA are co-cited in the work related to research in fuzzy decision-making. Of these journals, FSS appears with the most connections followed by EJOR.
The 30 most influential papers in the field of fuzzy decision-making research
An important issue to discuss in investigations in fuzzy decision-making are scientific publications. The most practical way to analyse is taking into account the times it is cited. The number of citations is an indicator that shows how influential and popular this article is within the development of the research field. Table 3 exhibits the 30 most cited papers in fuzzy decision-making research. It is known that within the fuzzy research science the most cited article is Fuzzy Sets [1] with more of 15,000 citations [2] . However, there are other articles that appear in this ranking. It is also worth keeping in mind that these documents take into account classic research that has influenced investigation in fuzzy decision-making.
We can point out Intuitionistic fuzzy sets [36] , Decision-making in a fuzzy environment [3] , Multiple attribute decision-making [11] , On ordered weighted averaging aggregation operators in multicriteria decision-making [15] , Families of OWA operators [37] , Fuzzy sets [1] , The concept of a linguistic variable and its application to approximate reasoning-I-II-III [4] [5] [6] , Fuzzy sets as a basis for a theory of possibility [9] , Results of empirical studies in fuzzy set theory [38] , Fuzzy sets and decision analysis [39] , Fuzzy sets, decision-making and expert systems [7] , Fuzzy preference orderings in group decision-making [40] , Group decision-making with a fuzzy linguistic majority [41] , The analytic hierarchy process [42] [43] [44] , Aggregation methods for decision-making [45] , Intuitionistic fuzzy information aggregation [46] , Linguistic information context [47] , Intuitionistic fuzzy with probabilistic and OWA operator [48] , New extension of OWAD operator [49] and Hybrid method for fuzzy decision making [50] .
In research in fuzzy decision-making the most cited article is that of Chen [32] with 765 citations, which is published in FSS. Likewise, the article of Herrera and Herrera-Viedma [51] with 580 citations, also published in the journal FSS, is worth mentioning. It is emphasized that the authors Herrera F with 8 articles and Herrera-Viedma with 6 articles in the top 30 are the dominant within this list. Their work is mainly focused on the treatment of linguistic variables used in decision-making processes. Of the journals in which they publish, the FSS is dominant with 12 articles in the top-30 and 4 in the top 10 of this list. It should be taken into account that this list contains only articles published in scientific journals.
Another important issue is to analyze the structure of the documents published in the fuzzy decisionmaking research. Figure 4 displays in further detail the influence of the existing work-connection by observing co-citations. The analysis has included classic research that does not appear in the initial search but are the cornerstone of fuzzy research. On this map the inference and the importance of the work of Zadeh [1] is evident. This work is located in the center where you can grasp the main research approaches in relation to fuzzy issues. It can be seen that four interest groups emerge. The first consists of the works of Zadeh [4] [5] [6] , the second focal point on the work of Hwang and Yoon [11] , the third focal point on the work of Atanassov [36] and the fourth central focus the work of Yager [15] . Thus, this structure illustrates that the development of research in fuzzy decision-making is focused on the treatment of linguistic variables, the degree of indecision and information aggregation to be organized. From these approaches, multiple investigations have been developed in which new algorithms that extend the original and applications in various fields are presented.
The 30 most influential authors in the field of fuzzy decision-making research
With the introduction of fuzzy theory in domains such as engineering and computer science, a great number of scientists have conducted research on this topic in different fields. In fuzzy research, we found authors who have a general influence in all fields (we speak of the pioneers) and others who have a specific impact on a specific topic, because the topic is developed in a particular direction.
In order to show which authors are the most influential in the fuzzy decision-making researches, the 30 most productive and influential authors in this Country  TAPFDM  H-FDM  TCFDM  PCFDM  ACFDM  TOP 30   1  Xu ZS  PRC  137  39  5626  41.07  1831  3  2  Huang GH  CAN  112  23  1626  14.52  851  -3 Herrera Other aspects to be analyzed are the total citations in fuzzy decision-making (TCFDM), articles cited in fuzzy decision-making (ACFDM) and average citations per article (PCFDM) in fuzzy decision-making. In TFDM, Herrera-Viedma E has 7384 citations, Herrera F has 6896 citations and ZS Xu 5626 citations. In ACFDM, Herrera F is cited in 2635 articles, Herrera-Viedma E is cited in 2560 articles, Yager RR is cited in 1863 articles and Xu ZS is cited in 1831 articles. This indicator shows us on how many articles they have been cited. In PCFDM, Herrera F has an average of 132.62 per article, Herrera-Viedma E has averaged 90.05 per article, Chiclana F has an average of 84.39 per article and Martinez L has an average of 62.47 per article. Although Xu ZS is an influential author, his average citations of 41.07 is low relative to others authors in this list.
An interesting aspect is the source from which they are published, which is unrelated to the nationality of the author but rather to the geographical origin from which they come. In this sense, it should be noted that 54% of authors work in Asian countries, 34% in European countries, 10% in North and Central America and 2% in Oceania. From Asian countries, it is noteworthy that 74% are from the PRC, 14.8% are from Taiwan, 7.4% are from Iran and 3.7% are from Japan.
Broadly, 30% of the authors of the Top-30 work in Chinese territory. Hence, it is obvious the dominance of Chinese authors in this field of investigation is due to its productivity. 4 countries in Europe, and 2 in North America are leaders this area research. Another important aspect to analyse is which of the authors within the Top-30 has more articles published in the 10 most influential journals. Note that the level of influence is given by the WoS. Table 5 shows the authors with more than 10 publications in the 10 most influential journals. These authors are sorted by the total publications in descending order. ZS is the most productive author with a total of 69 articles published in the 10 selected journals. Second place we find Herrera-Viedma E with a total of 50 published articles in the 10 selected journals. Herrera F appears third with a total of 39 articles in 7 of the 10 selected journals. Furthermore, it is noted that Sakawa is the author with the highest number of publications in FSS, Kahraman C in ESA, Herrera F in EJOR, Xu ZS in IS, KBS, IJIS and IJUFKBS, RR Yager in IEEETFS and IJAR and Chen TY in ASC.
In Fig. 5 , we observe a bibliometric map, where the connection existing between authors are established. These links allow us to observe the relationship between the work of the authors. In this map, four main nodes are highlighted. These nodes indicate that there are four central themes on which this field of research develops. Moreover, we can observe that each node has a referential author. In the first node, Xu ZS appears as the most influential, in the second we have Herrera-Viedma, in the third we observe Huang GH, and in the forth we have Kaharaman C and Tzeng GH. Within the network we can observe the links between nodes. This relation can be seen more clearly between node 1 and node 2. This indicates that there are common investigations that share methodologies and methods to be able to create new ones and develop new applications.
In Fig. 6 , we observe a bibliometric map where co-citation connections are established. It highlights 6 thematic nodes. In the main node we have Zadeh LA as the influential author on the five themes that addressed the research in fuzzy decision-making. This is evident because Zadeh LA is the father of fuzzy theory. On node 2 and 3 we located Yager RR and Xu ZS. These authors have focused on the development of aggregation operators for ordination of the information. In node 4 Herrera F and Herrera-Viedma E appear, who have focused on programming and linguistic reasoning. On node 5 we observe Saaty TL, who has focused on the analysis of the hierarchical process in order to analyse the relative importance of multiple attributes. On node 6, Zimmermann HJ appears, who has focused on fuzzy sets applied to decision-making and expert systems.
The 30 most influential universities in the field of fuzzy decision-making research
The development of research depends not only on researchers and their productivity. Behind all this work, we find institutions that welcome these researchers and support their work. The main institutions are universities that are directly interested in developing different fields of research. This research activity allows them to occupy a space in the academic world with more or less prestige. In the domain of investigation on fuzzy theory, many universities in the world have become interested in its development. Table 6 is displays the 30 most productive universi-ties in this field of research, which takes into account indicators such as total publications, influence, origin and citations by universities. The most productive university is the Islamic Azad University with 221 papers published. Sharing second place in productivity are the University of Granada and the University of Tehran both with 144 published articles. In the fourth place is for the Istanbul Technical University with 128 articles and fifth National Chiao Tung University with 121 articles. The University of Granada is the most influential university with an H-FDM of 51. Second is National Chiao Tung University with an H-FDM of 34 and sharing third place in influence are National Cheng Kung University and Southeast University both with an H-FDM of 31. Clearly, the University of Granada, given their productivity and influence in this field of research is the most important and prominent among all the other universities. Its citation indicators evidence this. It has a TCFDM of 9646, the highest of all values and doubles the second most influential university.
Furthermore, its PCFDM is of 66,99 and possess ACFDM of 570. These indicators almost tripled and doubled the second most influential university. In addition, this university has 13 articles in the top-30, one article with more than 500 citations, 13 articles with more than 200 citations, 18 articles with more Table 6 The 30 most productive universities in fuzzy decision-making research in WoS   R Organizations  TPFDM  C  H-FDM TCFDM PCFDM ACFDM T30 ≥500 ≥200 ≥100 ≥50 <50   1 Islamic Azad Univ  221  IRI  19  1595  7.22  1577  ---1  2  169  2 Univ Granada  144  ESP  51  9646  66.99  3570  13  1  13  18  31  84  3 Univ Tehran  144  IRI  18  1147  7.97  973  ----1  116  4 Istanbul Tech Univ  128  TUR  29  2958  23.11  2062  1  -3  3  12  87  5 Natl Chiao Tung Univ  121  TWN  34  3557  29.40  2969  2  -2  4  15  92  6 Indian Inst Technol  110  IND  22  1878  17.07  2053  1  -1  2  3 than 100 citations, 51 articles with more than 51 citations and 84 items with 1 and 50 citations. Knowing that the University of Granada has much higher indicators that of other universities in this field of research, other universities have entered smaller gap indicators that will be analysed. The three universities distinguished for their TFDM, we found the National Chiao Tung University with 3557, Southeast University with 3297 and Univesity of Jaen with 3309. Of these three universities, the University of Jaen, which has a PCFDM of 48.66 and National stands Chiao Tung University with a PCFDM of 29.40. Likewise these universities have articles among the top-30, the University of Jaen with 4 articles, National Chiao Tung University with 2 articles and Southeast University with 1 article. Finally, it is noted that two of the most productive universities are Islamic Azad University and University of Tehran. However, these universities have lower indicators, which could be due to their recent support in this field of research.
So far we have analysed and highlighted the most productive and influential universities in this area. Now, we propose to analyse the structure of universities, to determine the connections between authors through their citations. In Fig. 7 , we observe a bibliometric map showing the connection existing between universities. These links allow us to observe the relationship between topics of the research in these universities. In this map highlights five main nodes. These nodes indicate that there are five core subjects on which universities are investigating. Furthermore, particular networks between universities are observed. On the first node from the left, the most influential university is Islamic Azad University. In the second and third nodes there is no a university that clearly surpass others. On the fourth node the most influential university is University of Granada. On the fifth node is a small group of universities which center University of Regina.
In Fig. 8 , we observe a bibliometric map where connections are established by co-citation. It highlights 2 different networks. In the first network, four nodes are observed while the second network presents a single node. This first network is noteworthy for having a center and two ends. At the bottom end there is a node in which Islamic Azad University is the center and its relation to the center of the network is specific. At the upper end there are two nodes. The University of Granada influences the first. A sub-node follows this node. In the second node lies a Turkish university and in the sub-node, we observe one Polish and one Arab university. In the center of this network is a dense subnetwork, from which a large number of Asian universities are highlighted. The second network has not connection with the first, indicating that this group of universities are cited among them and focus on a specific topic.
Conclusions
We have presented a joint-vision of the research in fuzzy decision-making using bibliometric techniques. From a general point of view, we have taken a comprehensive approach to this field of research and its importance within fuzzy research in general. We have shown in general form as from the work of Zadeh [1] has developed this field until today.
It has highlighted the incorporation of fuzzy theory for the treatment of multiple criteria decision-making (MCDM) in order to treat problems in subjectively uncertain situations, which involve the limitations of language and fuzzy variables. We have set three classifications within MCDM, decision-making with multiple attributes (MADM), decision-making with multiple objective (MODM) and uncertain decisionmaking with multiple attributes (UMADM). The first one is associated with problems where the number of alternatives has been predetermined; the decisionmaker thus selects, prioritizes and ranks a finite number of actions to be undertaken. The second is associated with the design of the "more" feasible alternative in relation to the limitation of resources. The third is associated to the first with exception that the ranking and prioritization of the informa-tion is according to their weight using aggregation operators.
With the incorporation of fuzzy theory in the study of decision-making, a new field of research began attracting the interest of a large number of researchers, universities and countries. This interest stimulated the production of a great deal of articles on different topics, which have been published by the most influential journals in the field of fuzzy research. For this reason, we made a bibliometric study in order to analyse the papers published in a quantitative manner. It has taken into account the h-index and the number of citations for each evaluated item. It has also made a structural analysis of the citations using this research field mapping. It has taken five areas of analysis by number of citations as the first item and its h-index. The topics chosen for analysis are articles, authors, journals and universities. Each area highlights its productivity and influence in this field of research.
Overall, this research field has been increasing its number of publications, which shows the interest placed on this area. At the country level, it is noted that USA remains the most influential country in the fuzzy research, including research in fuzzy decision-making. This result is expected since Lotfi Zadeh led the origins of fuzzy research. In the case of fuzzy decision-making research, one of the most prominent authors is Ronald Yager and his contribution to the OWA aggregation operator. It also shows that the People's Republic of China is the second most influential and most productive country, due to the large number of researchers involved in the development of this field. With the large number of researchers who are located in China, Xu ZS stands out as the most productive and influential Chinese author highlighting their work with the aggregation operators and intuitionistic fuzzy information. Another country that stands out is Spain, which is in the Top-30 influence-wise and the Top-10 in productivity. The University of Granada (Spain) is the most influential in this field of research, far exceeding other universites in those indicators. Likewise, E. Herrera-Viedma at the University of Granada is the most influential researcher in fuzzy decision-making highlighting his work with the modeling language. Other universities distinguished for their influence are Istambul Technical University, National Cheng Kung University, National Chiao Tung University, Southeast University, University of Jaen, the Islamic Azad University and University of Tehran for productivity. It also acknowledges Herrera, Kahraman, Chiclana and Tzeng for their influence and Huang for productivity.
Regarding the main outlets of this field, this analysis has focused on the ten most influential journals. Of these journals, Fuzzy Sets and Systems stands out as the most influential journal. This makes sense, since it is the first magazine created to publish papers on fuzzy theories and it is where the most influential papers are published in this field. Other prominent journals are Expert Systems with Applications, European Journal of Operational Research and Information Sciences, which are of fundamental importance in this field, since they have reached to publish works related to decision problems from different fuzzy approaches [52] .
It is emphasized that this analysis is informative, because there are many limitations. First, we have considered articles, reviews, letters and notes, setting aside proceedings and books. Secondly, we have focused solely on the WoS Core Colletion, which may exclude important work in this field. However, the most representative works in this field are included in this database. Thirdly, it has been aimed at analysing the most productive and influential research. Finally, this study gives a general picture of this field of research and intends to showcase the importance and growth within fuzzy investigation.
